It has been hypothesized that wide excision alone with margins Ն 1 cm may be adequate treatment for small, grade 1 or 2 ductal carcinoma in situ (DCIS). To test this hypothesis, we conducted a prospective, single-arm trial.
INTRODUCTION
Ductal carcinoma in situ (DCIS) of the breast is a noninvasive or preinvasive lesion characterized by malignant ductal cells confined to the duct lumen, without evidence of invasion into the adjacent breast stroma. With improvements in mammographic screening and pathologic evaluation resulting in the detection of progressively smaller areas of DCIS, the use of breast-conserving approaches for DCIS has increased, in parallel with the widespread acceptance of breast-conserving surgery and radiation therapy as a standard treatment option for earlystage, invasive breast cancer.
Data from three randomized controlled trials have shown that radiation therapy reduces local recurrence after breast-conserving surgery for DCIS by approximately 50% to 60%. [1] [2] [3] Within these randomized trials, no subsets have been identified that do not benefit from radiation therapy. However, radiation therapy has not provided a clear survival advantage, is time consuming, and has some toxicity. Consequently, there has been interest in identifying patients with small DCIS lesions with favorable features who might be treated effectively with local excision alone. Retrospective analyses suggest that patients with small, low-grade DCIS or DCIS with margins of at least 1 cm have low local treatment failure rates with excision alone, without radiation therapy. 4, 5 Our aim was to evaluate in a prospective study whether localized low-or intermediate-grade DCIS, diagnosed with modern mammography and subjected to careful pathologic evaluation, could be treated with wide excision alone and result in acceptably low local recurrence rates.
METHODS

Eligibility and Enrollment
Patients seen at one of the hospitals comprising the Dana-Farber/Harvard Cancer Center (Brigham and Women's Hospital, Massachusetts General Hospital, Dana-Farber Cancer Institute, Beth Israel Deaconess Medical Center, Boston, MA) either for initial mammography and surgery or for consultation after initial mammography and surgery who were diagnosed with DCIS (without invasion) were eligible potentially. Patients signed informed consent for this study, which was approved by the respective institutional review boards.
To be eligible, patients were required to undergo high-quality mammograms with magnification views of the area containing calcifications suggestive of disease (ideally, before excision). The mammographic size of the lesion was determined by the (demagnified) extent of calcifications or by palpation, and the clinical extent of DCIS was required to be Յ 2.5 cm. Patients with grade 1 or 2 DCIS, defined by the predominant nuclear grade, were eligible. The presence of a small number of DCIS cells with grade 3 nuclei was not a reason for exclusion. The presence of necrosis was recorded but necrosis was not taken into consideration in the grading of these lesions, which was based entirely on nuclear grade. At least some of each patient's histologic slides were reviewed by a dedicated breast pathologist at one of the three main institutions to confirm eligibility. An initial biopsy or re-excision specimen from an outside institution had to be processed in accordance with the requirements of the protocol pathologists to be acceptable.
Patients were required to undergo wide excision with or without reexcision. Complete resection of the area of DCIS with a histologic margin of at least 1 cm (or a totally negative re-excision) was required. Margins were inked. A re-excision was performed if initial margins were less than 1 cm or not assessable. If the DCIS was located within 1 cm of the skin or chest wall fascia, and the surgeon noted this and oriented the specimen in such a way that the pathologist could assess the margins in relation to these limiting structures, the patient was considered eligible if the final margins were uninvolved but less than 1 cm. A specimen radiograph was required. If the specimen radiograph did not verify that all calcifications suggestive of disease were removed, a negative postoperative mammogram was required. Patients who did not have magnification views before excision were required to have postexcision mammograms with magnification views. The cumulative volume of breast tissue excised was defined as the total tissue volume. This was calculated by multiplying the three dimensions of each excision specimen. If a patient had more than one specimen per surgical procedure or more than one excision, the volumes of the multiple specimens were summed.
Protocol entry was required to be within 3 months of the last surgical procedure. Retrospective patient entry was not permitted.
Exclusion criteria included nipple discharge at presentation; a history of nonbreast malignancies (other than squamous or basal cell carcinoma of the skin, or carcinoma in situ of the cervix); a previous breast cancer (ipsilateral or contralateral, invasive or DCIS) and simultaneous bilateral DCIS. Chemotherapy and tamoxifen were not permitted. Patients were evaluated by a surgeon and radiation oncologist to determine protocol eligibility, and agreed to follow-up examinations and mammography. Follow-up consisted of physical examination at least every 6 months by the surgeon or radiation oncologist, and mammograms of the ipsilateral breast every 6 months for 5 years, then annually. Magnification views of the biopsy cavity were recommended. Mammograms of the contralateral breast were obtained annually.
Statistical Analysis
The study originally had a sequential design using the exact conditional Poisson test with planned analyses at a maximum of three time points (100, 200, and 350 patient-years of follow-up) and a planned maximum accrual of 100 patients. Termination of accrual was required if seven local recurrences were observed before a total combined follow-up time of 100 patient-years, if eight local recurrences were observed before 200 patient-years, or if nine local recurrences were observed before 350 patient-years. Using this design, the overall probability of a type I error (ie, the probability of rejecting the original null hypothesis of a 7% 5-year local recurrence rate if it were true) was 6% and the power (ie, the probability of rejecting the null hypothesis if the recurrence rate were truly 20%) was 94%. Both invasive and DCIS recurrences were to be counted. In a sequential design such as this, the stopping rules are calculated by using up a prespecified amount of the type I error probability at each prespecified analysis time. If the true treatment failure rate is far from the null and alternative hypothesis treatment failure rates, then the stopping rules are incorrect; for this reason many statisticians would advise changing the prespecified rules if the observed treatment failure rate is far from the null and alternative hypotheses.
In May 1999, with one recurrence reported among the 99 patients entered onto the trial and a total of 199 patient-years of follow-up, the observed treatment failure rate was 0.5% per year-far from the hypotheses of 1.4% to 4% per year. At that time, the maximum accrual was increased to 200 to facilitate future subgroup analysis. The goal was changed to allow us to distinguish between a 1% and a 2% annual ipsilateral recurrence rate (ie, a 5% and a 10% 5-year recurrence rate). New stopping rules were set up to terminate accrual if eight ipsilateral recurrences were observed before a total combined follow-up of 200 patient years, 13 recurrences were observed before 700 patient-years, or 19 recurrences were observed before 1,200 patient-years. The change in the stopping rules and maximum accrual was calculated in such a way as to preserve the overall type I error probability, while taking into account the results of one interim analysis that had already been done. Using the amended design, the overall type I error probability was 5% and the power was 88%.
We recruited patients from May 1995 to July 2002. The study was closed to additional enrollment at that time because the stopping boundary was crossed. The sequential design requires that the primary analysis be done on data existing at the time of study closure, given that this is the only analysis that has the power and overall type I error that was used in planning the stopping rules.
RESULTS
In July 2002, with 158 patients enrolled, the stopping boundary was reached and the study was closed to accrual. At that time, there were 13 ipsilateral recurrences with a total of 477 reported patient-years of follow-up, meaning that there would be at least 13 recurrences by the time of the scheduled review at 700 patient-years of follow-up. The following analysis represents data obtained when all patients had been observed up to or just beyond July 2002, and includes a total of 541 patient-years of follow-up.
Patient characteristics are listed in Table 1 . Five patients were deemed ineligible retrospectively but were included in the analysis: one had prior DCIS; one had prior thyroid cancer; one entered 92 days after last breast surgery; one entered 101 days after last breast surgery; and one was enrolled because the initial review at the outside hospital, as well as rereview at our institution, confirmed the presence of DCIS. However, when the designated reviewer examined the slides, there was controversy regarding whether the pathology met criteria for DCIS; the study pathologists ultimately classified the cells as atypical ductal hyperplasia only.
The median age of the patient population was 51 years (range, 35 to 81 years). A total of 148 women (94%) had DCIS detected by mammography only. Ten patients (6%) presented with palpable disease; five of these had a corresponding mammographic abnormality. All but three patients had either an adequate specimen radiograph or postbiopsy mammogram. Fifty-seven patients had a negative postbiopsy mammogram (more patients than were required by the protocol to have a postbiopsy mammogram). Mammographic size stated in millimeters was available in 102 patients (65%); in the remaining patients, the entering physician determined from the films or reports that the lesion was 2.5 cm or smaller. The median mammographic size was 0.9 cm (range, 0.1 to 2.5 cm). Re-excision was performed in 133 patients (84%). Six percent (nine of 158) had more than one reexcision. In 123 patients (78% of all patients, 92% of those with a re-excision), the re-excision contained no residual DCIS (a negative re-excision). Follow-up was defined as time from registration to the first recurrent ipsilateral DCIS or invasive breast cancer, contralateral DCIS or invasive breast cancer, other second malignancy, or death. The median follow-up time was 3.6 years (range, 0 to 6.9 years).
Pathologic features are listed in Table 2 . Some lesions were removed mostly or completely on core biopsy, leading to difficulties with size assessment. Pathologic size was evaluated in several ways: number of blocks containing DCIS, number of low-powered fields containing DCIS (data not shown), and largest single diameter of DCIS (data not shown). No single mode of measurement was available for all 158 patients. The most commonly used size measurement at our institution is number of blocks involved. Ninety-six percent had size measured by number of blocks containing DCIS. The median number of blocks containing DCIS was two (range, one to nine blocks).
The predominant nuclear grade was 1 in 56%, 2 in 43%, and unknown in 1%. The highest nuclear grade was 1 in 47%, 2 in 45%, 3 in 6% (10 patients), and unknown in 1%. Necrosis was present in 39%. The median total volume of tissue excised was 73 cm 3 (range, 2.6 to 728 cm Tables 1 and 2 . Nine (69%) of the recurrences were DCIS and four (31%) were invasive. Twelve were detected mammographically and one was palpable (with a corresponding mammographic abnormality). Four were detected on ipsilateral mammograms obtained at 6-month intervals; eight were detected on yearly bilateral mammograms. Ten recurrences occurred in the same quadrant as the initial DCIS, and three were elsewhere in the ipsilateral breast. Of the four patients who experienced local recurrence with invasive disease, none had evidence of metastasis on axillary surgery, all were smaller than 1 cm on review, and none had associated lymphatic vessel invasion. None of the nine patients with DCIS recurrences had axillary nodes sampled. Patients who had some grade 3 nuclei in their otherwise predominantly grade 1 to 2 lesions were more likely to have a recurrence than patients without any grade 3 nuclei. Nevertheless, even if the patients with some grade 3 nuclei were omitted, the local recurrence rate in the other patients was still substantial.
The study had enough patients to have reasonable CIs for recurrence rates for three covariates, but there are more covariates of interest (in Tables 1 and 2 ) than the maximum number of local recurrences permitted by the sequential design. For this reason, the association of these many covariates with local recurrence was not formally analyzed, other than by providing estimated recurrence rates in Tables 1 and 2 . Other sites of first failure were as follows: eight patients developed contralateral breast cancer (five invasive, three DCIS), and three patients had another malignancy (ovarian, colon, and renal cancer). Two patients developed both ipsilateral recurrence and contralateral breast cancer; one had ipsilateral DCIS (detected incidentally at the time of prophylactic mastectomy) 8 months after contralateral DCIS, and the other had a contralateral DCIS 3.3 years after her ipsilateral DCIS recurrence. One patient died as a result of cardiac causes unrelated to her DCIS or its treatment.
Of the four patients who had ipsilateral invasive disease as the first site of treatment failure, three underwent excision plus radiation therapy (two also received hormonal therapy); the fourth patient underwent mastectomy (and received hormonal therapy). All four are free of further recurrence 13, 19, 38, and 62 months later, respectively. Of the nine patients who had ipsilateral DCIS as the first site of treatment failure, six underwent excision plus radiation therapy (three received hormonal therapy) and three underwent mastectomy without hormonal therapy. All nine are free of further recurrence 10, 13, 18, 25, 25, 29, 44, 45, and 65 months later, respectively. No patient has developed distant metastasis. Of the four patients who underwent mastectomy for local recurrence, one had an incidental finding of ipsilateral DCIS after what was considered to be a prophylactic ipsilateral mastectomy done at the time of mastectomy for a contralateral DCIS; the other three chose mastectomy over breast conservation with radiation therapy (two chose bilateral mastectomy and one chose unilateral mastectomy).
DISCUSSION
In this study, the omission of radiation therapy after wide excision alone for DCIS resulted in a cumulative local recurrence rate of 12% at 5 years of follow-up, despite careful initial mammographic and pathologic assessment, and limiting the study to patients with favorable features, such as small, low-or intermediate-grade lesions and margins of at least 1 cm. Previous large, randomized studies have shown that radiation therapy after excision reduces local recurrence to a greater absolute extent in patients at higher risk for recurrence 6 ; however, none of these studies has identified a large subgroup that clearly does not benefit from radiation therapy. It is worth noting, however, that when radiation therapy was used, margins were often smaller than 1 cm, and no survival advantage has been demonstrated with the addition of radiation therapy.
With improvements in mammographic and pathologic evaluation, there has been increased interest in determining whether there are subgroups of patients with DCIS who have a low rate of local recurrence in the absence of radiation therapy. Silverstein et al 4 suggested that small, low-grade lesions may have a favorable prognosis and not require radiation therapy. In addition, Silverstein et al 5 have proposed that radiation therapy may not be necessary for DCIS excised with margins of at least 1 cm, based on their retrospective review of 469 patients treated with or without radiation therapy. They observed an 8-year local recurrence rate of only 3% among 93 patients with margins of 1 cm or greater who did not receive radiation therapy. Although these data certainly are provocative and hypothesis generating, the retrospective nature of the data, whereby the treatment was selected by the treating physician, raises the possibility of bias. This was also a highly selected group of patients: the unirradiated patients had shorter follow-up than did the irradiated patients, two different cohorts of patients were included, and some of the patients were treated as early as 1972, an era when mammographic evaluation was not comparable with the techniques employed currently. The detailed pathologic evaluation used in that study (consisting of sequential embedding), although commendable, may be cost prohibitive and not practical for use by many centers, thereby limiting generalizability. In addition, the surgical technique often included a large, en bloc excision of the skin and pectoralis fascia, which differs from the technique used in this study and that used in general practice.
The Nottingham group has reported in abstract form results of a prospective study of wide excision alone with 1-cm margins for patients with DCIS. 7 Their study included 256 patients accrued from 1988 to 2001 with a mean follow-up time of 86 months; grade was not stated. A crude local recurrence rate of 11% (28 of 256) was reported, with 10 DCIS-only recurrences and 18 invasive recurrences. Three patients developed regional disease and one died. Twenty-four of the recurrences occurred in the 46 patients who underwent re-excision. These results are not inconsistent with the current study, showing local recurrence rates of greater than 1% per year, and indicate that a substantial number of patients experience local recurrence despite undergoing wide excision with margins of at least 1 cm.
Our prospective data suggest that a margin of 1 cm or greater, without radiation therapy, is not sufficient to provide low recurrence rates for small, low-or intermediate-grade DCIS. The recurrence rate in this ostensibly favorable population was high enough that we were compelled by the statistical and ethical bounds of the protocol to cease enrollment short of our accrual goal. This action underscored the risk of recurrence in the absence of radiation therapy or tamoxifen, but also made it impossible to analyze factors formally that may predict for recurrence in a population like this (by virtue of the small numbers).
Of note, in our study, ipsilateral mammograms were required at frequent (6-month) intervals during the first 5 years of follow-up, with magnification views suggested. Given that four local recurrences were detected on 6-month ipsilateral follow-up mammograms, rather than on the bilateral mammograms obtained yearly, it is possible that this frequent follow-up plan resulted in local recurrences being identified earlier, and that with yearly follow-up these recurrences would have manifested themselves at a later time.
We note several limitations to our study. Although this was a prospective trial, it was a single-arm trial, and small patient numbers limited our ability to perform subset analysis. We consider our central pathology review by three dedicated breast pathologists to be a strength; however, some might feel that this limits generalizability to the community at large. Our follow-up time is also relatively short, given that the study was forced to cease enrollment early and the analysis is based on the results at that time. In a small proportion of patients (number unknown), raloxifene was prescribed for bone-loss prevention during the follow-up period, and it is not clear if these patients' risk for local recurrence was lowered by this intervention.
At present, it remains unclear how to identify patients with DCIS who have a low recurrence rate with excision alone. An ongoing Radiation Therapy Oncology Group trial (RTOG 9804) is randomly assigning patients to radiation therapy or observation, with or without tamoxifen in either group. Tamoxifen use is not randomly assigned. The closed Eastern Cooperative Oncology Group trial (ECOG 5194) similarly is evaluating excision alone for DCIS (tamoxifen optional). Additional studies, perhaps using molecular techniques, might be able to better define the most favorable subgroups for wide excision without radiation therapy. Adjuvant hormonal therapy, specifically tamoxifen, is also becoming more standard in the management of estrogen receptor-positive DCIS, especially in the setting of radiation therapy. [8] [9] [10] The role of hormonal therapy after excision alone remains to be defined, but limited data thus far suggest that its effect after wide excision alone is modest at best.
